Background: In most of the studies, the association of vascular events is limited to migraine with aura or it is stronger in this group, whereas the link between migraine without aura (MO) and vascular events remained uncertain. Therefore, we decided to evaluate endothelial function by chemical and functional markers of endothelium in MO and compare with normal population. Methods: In this study, 39 patients and 25 healthy subjects were enrolled and flow-mediated dilatation (FMD), C-reactive protein (CRP), nitrite and nitrate were measured in these two groups. Results: The mean of FMD in healthy people was higher than the migraine patients (mean difference − 7.67%; 95% confidence interval [CI] −9.90-−5.44). The means of nitrite concentration in migraineurs was significantly lower than healthy subjects (mean difference − 2.0 µmol/L; 95% CI − 3.45-−0.54). But the CRP concentrations in both groups were not significantly different (mean difference 0.42 pmol/L; 95% CI − 0.13-0.98). Conclusions: This study can show the endothelial dysfunction in migraineurs without aura and suggest that MO could also be a risk for cardiovascular disease.
INTRODUCTION
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link between migraine without aura (MO) and vascular events remained uncertain and so the possible role of ED in patients affected by MO was not explored clearly so far.
Several functional and chemical markers such as flow-mediated dilatation (FMD), nitrite and nitrate (NOx) and C-reactive protein (CRP) are used to evaluate endothelial function.
Flow-mediated dilation is a physiological phenomenon characterized by vessel dilatation in reaction to an increase in the shear stress. A key mediator of FMD is endothelium-derived nitric oxide. [6] [7] [8] [9] The purpose of this study was to compare the endothelial function by means of FMD, as a functional marker, and also NOx and CRP, as chemical markers of endothelium, in migraineurs without aura and healthy people.
METHODS
The Ethics Committee of Isfahan University of Medical Sciences' approved the study protocol, and all subjects gave informed approval before study inclusion.
Thirty-nine patients who fulfilled the diagnostic criteria of MO according to International Headache Society (2 nd edition) [10] were enrolled in this study between July 2008 and October 2010 mainly by office referral. Twenty-five age-and gender-matched healthy subjects according to medical history, physical examination, and routine laboratory tests without history of migraine were also enrolled as a control group.
Subjects who had hypertension, diabetes mellitus, coronary artery disease, infectious disease, known liver or kidney disorders, hypercholesterolemia, hypertriglyceridemia, gynecologic disorders (such as polymenorrhea, cystic ovary disease), morbid obesity (body mass index >35), current cigarette smoking, abuse of alcohol or other substances, anemia, sinusitis, tension type headache <5 days/month were not included in this study and this rule was performed for all migraineurs and control subjects. Furthermore, all subjects had not used hormonal contraceptives or vasoactive drugs since 3 months before beginning of this study.
At beginning, subjects underwent a complete examination that included: Physical examination, blood sampling for routine biochemistry measurements, as well as NOx, CRP and forearm FMD after at least 8 h fasting.
A volume of 5 ml blood samples were taken from the antecubital vein in the supine position. Sera were separated by centrifugation at 4000 rpm for 10 min and then were aliquoted and stored at −70°C until analysis.
Flow-mediated dilation
A high-resolution B-mode ultrasonographic system (ATL Ultrasound, HDI 5000, Bothell, Washington, USA) with a linear transducer mid-frequency of 7.5 MHz was used to determine FMD of the brachial artery. An experienced ultrasonographer blinded to case and control groups performed all FMDs. At first; subjects lied at rest for 10 min. Then baseline brachial artery diameter was determined by locating probe on 4-5 cm above the antecubital fossa of the nondominant arm. After that, a pneumatic tourniquet of a sphygmomanometer was inflated on the most proximal portion of the forearm to a pressure of 300 mmHg for 5 min. The cuff was then released, and second scan was taken 30 s before and 90 s after cuff deflation and average of them was measured. Artery diameters were determined with ultrasonic calipers from the leading edge of the anterior wall to the leading edge of posterior wall of the brachial artery at the end of diastolic period. Three other observers supervised the procedures. Changes in diameter were computed as a percentage relative to the baseline diameter. None of the subjects was experienced headache during measurements. Also, FMD was not measured during the menstrual phase in female patients. All the FMDs were performed between 10 a.m. and 12 a.m. The interobserver correlation coefficient of the FMD was 87% while the intraobserver correlation coefficient was 89%.
Nitric oxide assay
The serum level of stable nitric oxide (NO) metabolite NOx were measured using a colorimetric assay kit (R and D Systems, Minneapolis, USA) based on Griess reaction. For nitrite measurement, briefly, after serum addition into wells, sulfanilamide solution was added to all experimental samples, and after incubation, the N-1-naphtylethylenediamine dihydrochloride solution was added. Then, absorbance was measured by a µreader in 540 nm wavelength. For nitrate measurement, the enzymatic conversion of nitrate to nitrite by nitrate reductase was done. The reaction was followed by colorimetric detection of nitrite as an azo dye product of the Griess reaction. This assay measures total nitrite by converting nitrate to nitrite. To determine the nitrate concentration, the endogenous nitrite concentration measured from the nitrite assay was subtracted from the nitrite concentration measured in this procedure. The sensitivity of the assay was 0.25 µmol/L.
C-reactive protein assay
The plasma levels CRP were determined by high sensitive ELISA kit according to manufactures' instruction (IBL, Hamburg, Germany). The sensitivity of the assay was <1 µg/ml. All investigators were blind to all clinical data.
Statistical analysis
The results are expressed as mean ± standard deviation. A normal distribution was proven with the test of Kolmogorov-Smirnov. Differences in FMD, serum NOx and CRP concentrations between case and control groups were analyzed using the independent-sample t-test. P =0.05 was considered as significant. Statistical analyses were performed with SPSS 16 software by a blind analyzer about details of research.
RESULTS

The demographic information
Thirty-nine migraineurs without aura were enrolled in this study as the case group, between July 2008 and October 2010. These people have suffered from migraine headaches for about 68.25 ± 8.89 months. The mean of their headache severity (scale 1-10) was 8.62 ± 0.31. They experienced 10.10 ± 1.41 times migraine attacks/months in average. The mean of their headache duration was 13 ± 2.03 h and also the family history of migraine in first degree in 41.7% of them was positive.
Furthermore, 25 age and sex matched healthy subjects were recruited as the control group. The demographic information of these two groups is summarized in Table 1 .
Endothelial function markers
Flow-mediated dilation parameters of the case and control groups have been demonstrated in Table 2 . As illustrated in this table, the mean of FMD in control group (healthy people) was dramatically higher than the migraine patients (P = 0.00).
As summarized in Table 3 , the nitrite concentrations (the main end metabolite of NO) in the control group was significantly higher than the migraineurs (P = 0.004), while the CRP concentrations in both case and control groups were not significantly different (P = 0.146).
DISCUSSION
The aim of this study was to consider the ED in MO because this association is not clearly defined in previous studies.
The main finding of the present study is that patients affected by MO show a defective FMD compared to controls as well as decreased nitrite concentration.
The ability of self-regulation of the tone and adjusting the blood flow in reaction to changes in the local environment, illustrates the capacity of blood vessels to respond to physical and chemical stimuli in the lumen. Dilation is the main response of many blood vessels to increasing of flow, or more accurately shear stress. FMD is designated according to this phenomenon. A principal mediator of FMD is endothelium-derived NO. [6] [7] [8] [9] Previous studies have already investigated the endothelial function and NO vascular response describing either a normal [11] [12] [13] or a reduced FMD [2, 14] in migraine patients respect to controls. However, two studies evaluated only patients affected by MO [2, 13] and two studies did not distinguish between MA and MO patients in their analytic approach. [11, 14] In one study Vernieri et al. demonstrated that patients affected by MA showed a higher FMD than controls and MO patients reflecting a possible arterial hyper-reactivity to chemical stimuli in MA patients. [15] Silva et al. [12] measured also blood levels of fasting nitrates and nitrites in controls and patients affected by MA or MO during the asymptomatic period, finding no differences in the three groups.
Evidence of ED in migraine is increasing. It has been shown that level of von Willebrand factor (VWF), a reliable ED biomarker, was significantly higher in migraineurs than in nonheadache controls during the interictal phase. [16, 17] The association of migraine attacks with changes in endothelial biomarkers suggests that migraine attacks may be the cause of the ED. It has been suggested that recurrent migraine attacks lead to inflammation, and hypoxia, and ED. In clinical studies, markers of oxidative stress were higher during migraine attacks. [18] Other studies in patient with MO have been demonstrated that VWF [19] soluble intercellular adhesion molecule [20] levels were also significantly higher than healthy control subjects.
In addition, migraine is associated with reductions in the number and function of endothelial progenitor cells, serving as a marker for dysfunctional endothelium. ED may explain the increased risk of cardiovascular disease and stroke in this patient group. [21] In a young, relatively healthy cohort of women, a strong relation between biomarkers of endothelial activation and migraine, including VWF activity, high density-CRP, t-PA antigen, and total nitrite/nitrate concentration has been reported. [22] Identification of these alterations in young migraine subjects with a short history of migraine suggests that these alterations are not the result of repeated migraine attacks and may be related to the pathophysiology of migraine.
There is a paucity of studies demonstrating the association of migraine with inflammatory markers. A recently large case-control study has revealed no relationship between migraine and CRP. Indeed, in this study, CRP levels were not increased among migraine sufferers compared with nonmigraineurs; [23] however in a big cross-sectional study of middle-aged women with and without aura, Kurth et al. reported very modest associations between migraine and CRP. [24] In addition, in our previous study [25] we showed that enalapril improves endothelial function in patients with migraine and therefor it can support the theory of ED in migraineurs without aura.
Another noteworthy point is the relationship between MO and vascular disorders. According to some previous studies there is a relationship between migraine (with or without aura) and vascular events. For example it has been shown that male migraineurs have a significantly increased risk of MI, with a hazard ratio of 1.42 (95% confidence interval, 1.15-1.77; P < 0.001). [26] Also, many studies especially a meta-analysis of data pooled from 11 case-control studies and three cohort studies have shown a relationship between migraine and an increased risk of stroke.
In a meta-analysis Etminan et al. mentioned a twofold risk in both subtypes of migraine. [27] Identifying the populations of migraineurs at a higher risk for vascular events may provide preventive strategies to reduce the risk of ischemic stroke and other vascular events in these individuals.
The limitations of the present study are the small sample size. Furthermore, the endothelium-independent vasodilation was not evaluated in this study.
CONCLUSIONS
This study can show the endothelial dysfunction in migraineurs without aura and suggest that MO could also be a risk for cardiovascular disease.
